To investigate the effect of seed origin on the nutritive value of narrowleaf birdsfoot trefoil (NBT, Lotus tenuis Waldst.&Kit.), seeds of 86 NBT populations were collected from plants spontaneously occurring in natural pastures and rangelands located at different geographical gradients of the Black Sea Region, Turkey. Some nutrient contents of these populations regrown under the same conditions were determined. Minimum and maximum values with regard to the crude protein (CP), acid detergent fiber (ADF), neutral detergent fiber (NDF), Ca, P, Mg, K and condensed tannin contents, relative feed value, Ca P -1 and K (Ca+Mg) , latitudes (digestible dry matter and ADF) and longitudes (CP and Mg) on some nutrient contents and feed values were found significant (P<0.05). The correlations between altitude and NDF, P and Mg or between latitude and P and Mg contents of populations were significant. There were no specific trends in chemical composition and the nutritive value of tested NBT populations due to geographical variation. Thus, the results suggested that all studied geographical populations can be selected to obtain the nutritionally superior forage.
Introduction
The livestock raised at high altitudes depend mostly on the feed resources in natural pasture and rangeland habitats. Therefore, livestock productivity are depend on quality of these areas include grass species as well as legume species (Ocak et al., 2006; Sun et al., 2014) . In order to improve the quality of the herbage consumed by grazing animals, it is necessary to obtain information about its chemical composition and feed value, which thereafter could be related to its capacity to satisfy the requirements of the grazing animals (Dewhurst et al., 2009 ).
Legumes growing in pastures increase both the productivity and nutritional value of forages (Sleugh et al., 2000) . There are three perennial legumes of the Lotus genus (Fabaceae) that are important as forage in some part of the world: birdsfoot trefoil (L. corniculatus L.), narrowleaf birdsfoot trefoil (NBT, L. tenuis Waldst.&Kit.), and greater lotus (L. uliginosus Schkuhr) (Acuña and Cuevas, 1999; Papadopoulos and Kelman, 1999) . Different species of Lotus are currently used to improve pastures and hay quality where other forage legume species are not suitable (Papadopulous and Kelman, 1999) . The NBT is a herbaceous perennial forage species of Mediterranean origin, is a diploid species with a taproot that grows in soils with a wide range of pH and water and nutrient availability, and also that is adapted to low fertility, waterlogged, and saline soils (Dear et al., 2003) . It has been reported that this plant tolerates flooding, drought, and salinity (Striker et al., 2005; Acuña et al., 2010; Teakle et al., 2010) . These characteristics give it added value when comparing it with other legumes such as alfalfa, white clover or birdsfoot trefoil. In fact, varieties of NBT are more tolerant to waterlogging or flooding, alkaline and salt conditions than any commercial varieties of birdsfoot trefoil (Clua et al., 2009) . The forage plant breeding should be focussed on improving the economic sustainability of pastoral agriculture through feeding animals i.e. yields, quality and for truly sustainable livestock farming.
It seemed worthwhile to investigate the suitable fodder plants which provide high yield and reproductive performance, reduce the health problem, and develop grazing tolerant cultivars. Although there are studies investigated the effects of seed origin or collection site, i.e., latitude and longitude as well as altitude (Dragomir et al., 2011; Mountousis et al., 2011; Singh and Todaria, 2012; on the nutritional status of some perennial forages, the effects of these factors on the NBT populations were not investigated. Accordingly, the nutrient composition, including condensed tannins and the nutritive value of NBT populations grown from seeds collected from pastures and rangelands located at different altitudes, latitudes and longitudes requires further study. Therefore, the present study was designed to compare genetic potentials in a single environment in terms of the nutrient composition and the nutritive value of NBT populations regrown from seed collected from different altitudes, latitudes and longitudes of the Black Sea Region, Turkey.
Materials and Methods
This study was conducted at Ondokuz Mayis University, Samsun, Turkey for assessing effect of seed origin on the nutrient compositions and the nutritive value of NBT populations. L. tenuis seeds were obtained from naturalized populations of the Black Sea Region, Turkey. Therefore, the seeds of NBT populations were collected from different altitudes (1 to 1510 m a.s.l.), latitudes (40°06' to 42°03'N) and longitudes (31°33' to 37°32' E) ranges (Table 1 ) from July to September. The seeds were collected from mature pods of approximately 50 mature plants spontaneously occurring in natural pasture and rangelands, grazed by livestock throughout year, of studied region . The seeds from each altitude, latitude and longitude were sown in nursery beds and then grown under the same climatic conditions in the experimental area at the Black Sea Agricultural Research Institute (situated at 41°17' N latitude, 36°21' E longitude and 4 m a.s.l. altitude). The local climate is mild and humid, with a mean annual temperature of 14.4 °C ranging from 3.1 °C in winter to 16.7 °C in summer and with a mean annual rainfall of 675.1 mm during the study period (Anonymous, 2015) .
Initially, from each of 86 NBT populations representing all the seedlings, approximately 2 kg of tissue sample was freshly harvested and bulk sample was mixed thoroughly. Then, only 0.5 kg was finally dried at 60 °C for 72 h to determine the dry matter (DM) content and were grinded using mill having a sieve of 1 mm. The crude protein (CP), acid detergent fibre (ADF), neutral detergent fibre (NDF), calcium (Ca), magnesium (Mg) and potassium (K) contents of these samples from NBT populations were determined by using nearinfrared reflectance spectroscopy (NIRS). The near-infrared spectra were collected with a monochromator (FOSS NIR Systems 6500, Silver Spring, MD, USA), by scanning the 400-2500 nm spectral range. All spectra and reference data were recorded and managed with the WINISI version 1.6 software (Infrasoft International, Port Matilda, PA, USA). The calibration set was analyzed for CP concentration (Anonymous, 2000a) . The condensed tannin (CT) contents were determined as described by Ramírez-Restrepo et al. (2006) . Each nutrient was analyzed with three replicated samples of altitudinal, latitudinal and longitudinal NBT populations.
As described by Moore and Undersander (2002) digestible DM (DDM) and DM intake (DMI) was calculated from percentage ADF and NDF values using the following equations, respectively; DDM (%) = 88.9 -(0.779 × % ADF) and DMI (% of body weight) = 120 / % NDF. Metabolizable energy (ME) was estimated using the following equation; ME (MJ/kg DM) = 0.17% DDM-2.0. Relative feed value (RFV) was estimated from DDM and DMI using the following equation; RFV = (DDM×DMI)/1.29. The tetany ratio is calculated on an equivalent weight basis using a so-called tetany ratio [K/(Ca+Mg)].
All the statistical analyses were performed using SPSS software package, version 17.0 (SPSS Inc., Chicago, USA). The NBT populations were studied by multifactor analysis of variance, including the effects of altitudes, latitudes, longitudes, and their interactions. Because the interaction effects of these factors on any of the studied parameters were not significant, these were not shown in the tables and elsewhere. Pearson's correlation analysis was performed to assess the association between different experimental parameters in each of factors. When the F-test was significant, differences were compared using Tukey test at a significance level of P< 0.05. Results are presented as means and a pooled standard error of mean.
Results and Discussion
In the first part of the present study, the morphologic, agronomic and phonologic traits of 86 NBT populations and the relationships between these traits and geographical features of the natural habitats were determined (Uzun et al., 2016) . The results from this study indicated that NBT populations were present in all ranges of altitude, although there was a decrease in present frequency of NBT with increasing altitude. Indeed, the ratio of gathered NBT populations were 41% in 0-300 m, 25% in 301-600 m, 20% in 601-900 m, 12% in 901-1200 m and 2% in 1201-1510 m altitude. Similar suggestions reported by Vignolio et al. (2009) for the NBT populations naturalized in the Flooding Pampa grasslands.
The correlation coefficients between altitude and NDF, phosphorus (P) and Mg contents or between latitude and P and Mg contents of NBT populations were significant (Table 2 ). There were obvious the effects of seed genotypes from different altitudes (Ca P -1 , P<0.05), latitudes (DDM and ADF, P<0.05) and longitudes (CP and Mg, P< 0.05) on DDM, ADF, CP, Mg and Ca P -1 values (Table 3 and Table 4 ). These results can be related to the apparent high adaptability of the NBT that its spontaneous presence in this zone is very notorious (Acuña et al., 2012) . Variations in quality of NBT populations also indicates their inherent ability to obtain nutrients from the soil and convert them to plant tissue with a favourable leaf to stem ratio in terms of CP, ADF, NDF, ME and RFV as well as mineral contents and ratios between minerals (Vignolio et al., 2009; Dragomir et al., 2011) . Therefore, seeds selected from the NBT populations that have high nutrient composition can use to increase the plant population of pasture or rangelands. The nutritive value and mineral contents of the NBT populations were within the normal range and also were found to be comparable with other legumes (Dynes et al., 2003; Acuña et al., 2012) . Moreover, they were within values recommended by the Anonymous (2000b Anonymous ( , 2001 Anonymous ( , 2007 and confirmed other scientific suggestions (Moniello et al., 2005) . All have excellent feed quality for ruminants; 12-25% crude protein content and dry matter digestibility of 50-73% (Cook et al., 2005) . Thus, our findings indicated that the maintenance requirements of grazing livestock may meet until late autumn without additional protein and energy sources.
Protein, necessary for muscle development, growth and milk production is an important nutrient in animal production and is generally least expensive if supplied by forages. The CP contents of the NBT populations were in the same range as reported by Dynes et al. (2003) and Acuña et al. (2012) . As reported by Dragomir et al. (2011) , the nutritional value, calculated through the determination of some quality indices (CP, ADF and NDF), proved that there are not important differences between the studied geographical sites. In the present study, the correlation between CP and altitude does not support that N concentration of leaf increased from the tropics to mid-latitudes and then remained stable or decreased at high latitudes (Reich and Oleksyn, 2004) and that nitrogen (N) concentration in plants increased with the latitudinal (Han et al., 2012) and the altitudinal gradient (Singh and Todaria, 2012) . In contrast to our results, Mountousis et al. (2011) reported that NDF, ADF and gross energy contents of forages were affected by the altitudinal zone as well as by the season.
The DMI and ME are a positive indicator of forage quality and an important component that makes up the diet of animals (Arzani et al., 2005) . Waghorn and Clark (2004) noted that the ME content of forages provides a guide to nutritive value but ignores other components that affect intake, digestion and the products of digestion that are absorbed and metabolized to provide substrates for maintenance and production. Although herbage ME content was lower in the lowlands owing to faster maturation of plants as a result of higher air temperatures (Mountousis et al., 2011) , this effect was not reflected on that of NBT populations from different altitudes, latitudes and longitudes. An increase in DDM generally leads to improve in performance by increasing DMI of ruminant animals (Ashikaga et al., 2009) . In the present study, there were significant effects of the studied factors on DDM and ADF (Table 3 ). The minerals and the correct ratios of minerals (e.g. Ca P -1 , Ca Mg -1 , K/(Ca+Mg) and K Mg -1 ratios) in the forage as well as CP and ME contents and RFV of fodder feeds may affect animal growth and/or performance. Based on our findings and previous reports (Striker et al., 2005; Acuña et al., 2010 Acuña et al., , 2012 Teakle et al., 2010) on advantage of NBT, populations can select for multiplication of quality forage production.
Because legumes, including NBT have higher concentrations of Ca and Mg than grasses, avoiding legume decrease in rangelands may be useful to prevent the tetany risk (Aydın and Uzun, 2008; Uzun, 2010) . Risk of tetany, causing yield decrease and death in cattle and sheep, increases by feeding forage with a ratio of K (Ca+Mg) -1 ≥ 2.2 or the greater risk of grass tetany occurs at K:Mg ratio greater than 10:1. Indeed, K (Ca+Mg) -1 and K:Mg ratios in all NBT populations were very lower (Table 4) than these values, resulting in tetany risk. Deficiency of P, an essential nutrient for all animals is the most widespread of all the mineral deficiencies affecting livestock. Besides, P must be balanced in the animal diet with adequate Ca and vitamin D for growth, reproduction, gestation, and lactation. The Ca:P ratio of forage is often discussed when examining forage quality and animal performance. An acceptable Ca:P ratio is between 1:1 and 7:1, as long as there is enough P to meet the nutritional requirements of livestock (Anonymous, 2000b (Anonymous, , 2001 (Anonymous, , 2007 . Therefore, the Ca:P ratios of all NBT populations in the present study were within the desirable Ca:P ratio range. Therefore, results on mineral concentrations and ratios between minerals of NBT populations suggest that NBT is suitable not only to prevent incidence or risky of milk fever and tetany but also to increase Ca, P, Mg and K utilization of the ruminant animals (Kume et al., 2001 ).
Perennial forage legume species, such as birdsfoot trefoil and NBT, contain condensed tannins, with severe consequences on the nutritional value of forage legumes and the health of animals eating such forage. The CT contents of NBT populations suggested that the level of secondary metabolites does not change with change in the altitude, latitude and longitude of plant origin. The CT levels of NBT populations were within normal ranges (up to 35 g kg -1 DM) which have reduced rumen degradable nitrogen and increase N-use efficiency (Acuña et al., 2012) , increasing the protein absorption of the small intestine (Terrill et al., 1992; Acuña et al., 2012) . Thus, grazing of pasture with NBT led to increased growth rate, fattening and reproductive performances as well as milk and meat quality (Speijers et al., 2004) .
Conclusions
This study provided that nutritional information on NBT from different altitudes, latitudes and longitudes, which can be used to obtain average nutritional values in pasture management work. This study indicated that tested populations can be selected for development of new cultivars or the multi-trait indices may be a more effective tool to select quality genotypes. There were no specific trends in the chemical composition and the nutritive value of tested NBT populations when grown under the same conditions. Therefore, we recommend that the seeds of different altitudinal, latitudinal and longitudinal NBT populations could be selected for multiplication of Lotus for obtaining the nutritionally superior forage.
